INTRODUCTION
Candida albicans (CA), as opportunistic commensal, is a member of standard gastrointestinal flora, respiratory system, female genital tract, and to a lesser extent of the skin and nails (D z a v e c et al., 1998; P a l m a -C a r l o s and P a l m a -C a r l o s, 2003). In the case when this yeast becomes a dominant member of flora it can cause a series of pathological conditions known as candidiasis (B e r m a n and S u d b e r y, 2002), which is considered to be the most common mycosis, with C. albicans as the main species related, althgouh nonalbicans species (e.g. C. tropicalis, C. parapsilosis, C. krusei, C. glabrata) are becoming frequent among patients nowadays (P f a l l e r, 1995). Main predisposing factors for Candida infections are immune deficiency, diabetes mellitus, total exhaustion, intravenous drug addiction, venous and urethral catheterization, organ transplantation, corticosteroid therapy and the use of broad spectrum of antibiotics that alter the effects of normal bacterial flora (D z a v e c et al., 1998 ; B e r m a n and S u d b e r y, 2002). Hence, increasing presence of autoimmune diseases caused by pathogenic yeasts led to serious medical concerns in the past decade (P f a l l e r et al., 2000; U w a m a h o r o and T r a v e n, 2010). Besides, essential oils derived from many plants, mostly members of Lamiaceae, Apiaceae, Asteraceae and Myrtaceae families are recognized as excellent natural sources of substances with antifungal activities. Due to a growing resistance and side effects to common antifungal drugs, a number of studies have recently demonstrated the use of herbal essential oils as antifungal agents (B a k k a l i et al., 2008; R e i c h l i n g et al., 2009).
In this study, essential oils (EOs) of Oregano (Origanum vulgare) and Rosemary (Rosmarinus officinalis), both belonging to Lamiaceae family, were examined for their in vitro antifungal activity against three CA strains (laboratory, human pulmonary and ATCC 10231).
MATERIALS AND METHODS

Essential oil
Analyzed oils of Oregano (OEO) and Rosemary (REO) were commercial products produced by Ireks aroma Ltd. (Zagreb, Croatia) which were, according to the producer's notification, characterized as 100% natural and which was documented by all required documentation (MADS -Material Safety Data Sheet) and production specifications (http://www.ireks-aroma.hr/xist4c/web/ hrvatski_id_1588_.htm). The EO solubility was enhanced with 0.1% Tween-80 solution to obtain five serial dilutions of oils in a range of 5.00 -0.31 mg/ml. All strains of CA used were grown on malt agar (Torlak, Belgrade, Serbia) at 30° C for 48 h. Inocula for the assays were prepared by diluting scraped cell mass into 0.85% NaCl solution, adjusted to McFarland scale 0.5 amounted to 1.5 x 10 6 CFU. Turbidity was confirmed by photoelectric photometer (colorimeter MA 9504th Metrix), using red filter (E s p i n e l -I n g r o f f et al., 1998; CLSI M27-A2, 2002) . Dilution series (10 -2 to 10 -6 ) of 0.5 Mc Farland's initial inoculum were determined by applying classical CFU method in triplicate.
Antifungal activity
For diffusion assays the malt agar plates (d = 90 mm) were prepared and seeded with 100 µl suspension of 1.5 x 10 6 cfu ml -1 using the inoculum of Candida strains prepared as described. Sterile Whatman discs (d = 5mm) or wells (d = 6mm) were placed in the middle of the malt agar, on which 15 µl (discdiffusion method) and 25 µl (well-diffusion assay) of EOs were applied. In well-diffusion assay oil was left to diffuse through the agar for 2h at room temperature (25˚C) before incubation. All the plates were incubated in triplicate for each concentration at 30° C for 48 h according to T y a g i and M a l i k (2010) while diameter of the zone of inhibition was measured including the diameter of the disc/well. The antifungal activity of EOs was compared to water solution of nystatin (0.30 mg/ml) and fluconazole (2 mg/ml) (Hemofarm, Vršac, Serbia) as positive controls.
Using 5 two-fold dilutions of EOs (0.45 mg/ml to 0.03 mg/ml) in the 96 wells microplates (Spektar, Čačak, Serbia) MIC and MFC values were determined according to M27-A2 of CLSI (CLSI, 2002) . Total volume in the well was 222 µl: 200 µl of malt broth (Torlak, Belgrade, Serbia), 2 µl of CA inoculum (1.4 x 10 3 CFU/ml at final concentration in well) and 20 µl of EO. The results were read after the incubation at 30° C for 48 h. The MIC (minimum inhibitory concentration) was determined as the lowest concentration of test substances that prevented visible growth of CA strains (J o r g e n s e n and F e r r a r o, 2009). From each well, in which blurring was not detected, 100 µl of culture was inoculated onto malt plates and incubated at 35°C for 48h. The plates were observed and the MFC (minimum fungicidal concentration) was determined as the lowest concentration of plant oil resulting in the death of 99.9% of the inoculums (D e v k a t t e et al., 2005). Nystatin and Fluconazole were used as positive and Tween 80 as negative control.
The obtained results were analyzed using Microsoft Excel XP (mean, standard deviation). The data for diffusion methods were analyzed by one-way ANOVA in Statistic. Statistically significant effects were further analyzed and means were compared using Duncan's test. Statistical significance was determined at p≤0.05.
RESULTS AND DISCUSSION
The obtained inhibitory zones, after the application of EOs by using disc and well-diffusion assays, are presented in Tables 1-2 . The results showed a decrease in the size of the inhibitory zones with decreasing EO concentrations in both assays performed. Nystatin showed inhibition zones at lower concentrations than the analyzed EOs (Tables 1, 2) , while fluconazole exhibited none inhibition zone even at the highest concentration applied (2 mg/ml). (Tables 1, 2 ). The data obtained with microdilution method (Table 3) The results obtained by using diffusion methods indicated that OEO had stronger activity against all tested Candida strains than REO. Due to the fact that inhibitory zones were obtained at lower concentrations of EOs by welldiffusion assay it can be concluded that this method is more appropriate than disk-diffusion method. This can be explained by the fact that cellulose discs absorb certain amount of EOs and prevent their diffusion through agar (V a lg a s et al., 2007). Microdilution assay gave the results that showed efficient EOs activity against all tested CA, reaching MICs/MBCs at 0.11-0.23/0.11-0.23 mg/ml, respectively (Table 3) . OEO showed same MIC values for all tested strains and demonstrated fungistatic and fungicidal effects on CA L and CA H strains at 0.11 mg/ml which indicated equal susceptibility. After the application of microdilution method, REO and OEO demonstrated the same activity against CA L , reaching MIC and MFC values at the same concentration (Table 3 ). The strain CA L was the most sensitive to REO, while the most resistant was CA R showing the same MIC and MFC value (0.23 mg/ml). Based on their efficacy (MFC), we concluded that OEO had stronger antifungal activity than REO. Nystatin was effective for all investigated strains at lower MIC and MFC values (MIC/MFC=0.01/0.02 mg/ml) in comparison to the tested EOs. The sensitivity of the studied strains of CA to fluconazole was not recorded even at the highest initial concentration of 2 mg/ml. D e v k k a t e et al. (2005) found high resistance of CA R to fluconazole which could not reach complete inhibition, but partially inhibited at mg/ml. Results presented here pointed to the importance of OEO and REO as antifungal agents that could enhance human health. Commercial EO products showed higher activity against CA R showing MIC/MBC at 0.11/0.23 mg/ml, respectively, when compared to other results obtained by (Hammer et al., 1999) that showed MIC value at 1.2 mg/ml, as well as by S a r t o r a t t o et al. (2004) that detected MIC value at even higher concentration, 2 mg/ml (by bioautographic method).
Furthermore, REO also showed better anticandidal activity with same fungistatic and fungicidal values for MIC and MFC (0.23 mg/ml) on CA R strain. In comparison to previous literature data in microdilution assay MICs were reached at the following concentrations: 2.5 mg/ml (Fu et al., 2007) , 6 mg/ml (V u u r e n et al., 2009), 10 ≤ mg/ml (K e s k i n et al., 2010) and 10 mg/ml by using agar-dilution method (H a m m e r et al., 1999).
CONCLUSION
Based on the results presented in this work, it can be concluded that EOs extracted from O. vulgare and R. officinalis have the potential to represent a good alternative for the treatment of candidiasis.
This study confirms that analyzed oils showed both fungistatic and fungicidal activities against all tested CA strains. However, if these EOs are planned to be used in medicinal purposes, issues of safety and toxicity will need to be addressed in the next research. Furthermore, the study should include larger number of standard and clinical strains in order to provide the final assessment of effectiveness of the studied EOs against CA. Also, more fluconazole/azole-resistant strains should be included in the future studies since EOs could be used as antifungal agents in the future. In general, standardized research assays, verification of compositions of EOs and choice of test organism(s) are necessary for more effective comparisons of the results obtained by various researchers. Услед повећане резистенције и нежељених ефеката уобичајених антифунгал-них лекова у последње време, спроведене су многе студије у циљу коришћења етарских уља као антифунгалних агенаса. У оквиру овог рада су у in vitro усло-вима истраживана антифунгална дејства етарских уља врста оригано (Origanum vulgare) и рузмарин (Rosmarinus officinalis) из фамилије уснатица (Lamiaceae) на три соја кандиде (Candida albicans) различитог порекла (лабораторијски, хумани пулмонарни и ATCC 10231), а у поређењу са стандардним антимикотицима -нистатин (0.30 mg/ml) и флуконазол (2 mg/ml). Антифунгална активност испити-вана је поређењем инхибиторних зона употребом диск-дифузионе и методе буна-ра, као и на основу MIC и MBC вредноси забележених применом микродилуцио-не методе. Резултати дифузионе методе за сва три тестирана изолата показала су јаче антифунгално дејство етарског уља оригана, док је лабораторијски сој пока-зао највећу осетљивост. У односу на коришћене концентрације, дијаметри инхи-биторних зона варирали су између 12.65 и 25.10 mm. При највећим коришћеним концентрацијама етарског уља рузмарина (5,0 mg/ml) антифунгална активност забележена је коришћењем обе дифузионе методе само код два истраживана соја -на лабораторијском изолату и соју ATCC 10231. Антифунгална активност етар-ског уља рузмарина није забележена у експериментима са хуманим изолатом кандиде.
Употребом микродилуционе методе забележене су једнаке MIC вредности за сва три тестирана изолата (0,11 mg/ml), осим за MIC вредност етарског уља ру-змарина на ATCC сој (0.23 mg/ml). Добијени резултати указују на то да употреба етарских уља оригана и рузмарина може бити веома ефикасан начин природног лечења и спречавања кандидијазе, иако би претходно требало проверити њихову цитотоксичност.
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